Many decisions about the content of an introductory transportation engineering course are complicated by a wide range of topics and skills to be presented in a limited amount of time. The information presented in this paper was compiled by a working group of educators who represented universities of varying sizes and geographic areas. This working group was charged with developing core concepts and associated knowledge tables for the introductory transportation course for the following core concept areas: traffic operations, transportation planning, geometric design, transportation finance, transportation economics, traffic safety, and transit and nonmotorized transport. Instructors can weave the knowledge tables together by explaining the ways of being of a transportation professional and the course learning outcomes. A key focus of the working group's efforts was to provide more guidance to instructors on core content versus optional content. The intent of the working group was not to dictate what exactly should be taught in a course. The group therefore created more content than could fit into a typical semester-long course so that instructors would have flexibility. Some content should be viewed as more critical to the transportation profession than other material, and the working group will prioritize it accordingly. The objective of this paper is to demonstrate the work that has been completed and to get feedback from industry partners and other academic professionals about the curriculum. The efforts of the pilot studies over the next year will help determine the amount of time needed to cover the information in the knowledge tables.
Students, faculty, and potential employers are all stakeholders in the determination of content in a college course. For many courses, content decisions are complicated by a wide range of knowledge and skills and a limited amount of time. The introductory transportation
LEARNING OUTCOMES
When appropriately designed, learning outcomes specify the level of mastery that students will achieve at the culmination of a particular learning experience. This research effort was concerned with course-level learning outcomes, constructed for the introduction to transportation course. 28 Transportation Research Record 2211
Learning Outcome Classification
It is well accepted that a wide variety of learning outcomes occur, regardless of the manner in which they are defined. Wiggins and McTighe have suggested that educators can improve the alignment of classroom instruction with assessment and evaluation techniques through the careful consideration of different learning outcomes (4). Wenger proposed a mapping of learning outcomes across two dimensions (5). This model describes four quadrants defined by one axis that denotes who is learning (subject) and what is being learned (object) and a second axis that segments the learning as either collective or individual, as shown in Figure 2 (6). The four learning outcomes generated from this division are (5, 6) • Competency outcomes, which describe the mastery of technical content;
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• Movement outcomes, which track the improvement of technical skills over time;
• Experience outcomes, which can take place in a person or group and typically help in the clarification of goals; and • Achievement outcomes, which describe significant advances or achievements in the technical body of knowledge germane to the field.
The fifth and final learning outcome draws from a combination of the previous four (5, 6): integrated performance outcomes describe the combination of outcomes from all four of the previous categories in an attempt to address a complex challenge. class. No accomplishment outcomes are associated with this class, because such outcomes would not occur in the classroom but rather as a result of professional practice. Table 2 provides a suite of learning outcomes that can be integrated into the introduction to transportation engineering course. In reality, every course will be different and reflect the interests of the instructor and the student population. The learning outcomes selected will depend on contextual factors unique to each program. The length of the course (semester versus quarter), the presence of a complementary laboratory section, whether the course is required or is an elective, the courses that will follow the introductory course, and the nature of the institution (teaching versus research) will influence the learning outcomes the instructor chooses for the course. The important role of the learning outcomes is to have students master as many outcomes as possible before graduation from their undergraduate program. A significant consideration for an instructor, who designs a course on the basis of these learning outcomes, will be whether or not further courses in transportation engineering are offered in the program, and whether those courses are required or elective. An instructor in a program that does not offer additional courses in transportation will face some difficult choices in the prioritization of what is most essential. Although depth is not possible in all of the core competencies, movement outcomes may be a priority. Experience and performance are significant. The significance, however, will come from the breadth of the experience rather than from the depth of the experience. An instructor in a program that offers several transportation courses may design the introductory course to have depth in one or more areas, comforted by the knowledge that other outcomes will be realized in future courses.
Unique Transportation Learning Outcomes

Course Creation
A laboratory component of the course provides supplemental opportunities to add depth to the learning outcomes and engage students through hands-on and data-driven experiences.
WAYS OF BEING
Ways of being are sets of behaviors, actions, and language associated with a particular discipline, knowledge area, or culture. They reflect preferences, tacit assumptions, and conventions rather than discipline-specific knowledge. Ways of being help faculty and students visualize long-term behaviors (formed over multiple years of training and practice) that support personal and professional success in the discipline. They should be meaningful within the context of a course in ways that are accessible and demonstrable by at least some students in the course. Five ways of being for a transportation engineer permeate the Venn diagram, shown in Figure 3 . Each way of being is defined in Table 3 , along with supporting life-long skills that can be woven together with technical content in meaningful learning activities for the course. The lifelong skills associated with each way of being include a mixture of cognitive (C), social (S), and affective (A) skills.
KNOWLEDGE TABLES
Knowledge tables articulate the core concepts for a course. The working group began with the broad scope of the transportation discipline and, by using existing surveys of academics and practitioners, applied several different methodologies to organize the knowledge (1) .
Knowledge can be organized in a variety of ways. A review of a variety of existing methods for organizing knowledge was conducted. It included Bloom's taxonomy and Wiggins and McTighe's facets of understanding, as well as the efforts of other groups to determine what students should be learning (4, (7) (8) (9) (10) (11) .
The review of the literature led to the adoption of a knowledge table framework that includes five forms of knowledge (12):
• Concepts: learning based on definitions, diagrams, and models; • Processes: learning based on methodologies (eg., information processing, design, teamwork, communication);
• Tools: learning that surrounds forms and templates, software, and lab equipment;
• Contexts: situations in which knowledge is applied; and • Ways of being: attitudes and values that surround learning.
Ways of being should be defined for the course as a whole, as discussed earlier.
To help instructors as they develop the learning activities within a course, the group has made an effort to frame items within each form of knowledge as belonging to a level of Bloom's Taxonomy, to a facet of understanding, or to both. This hybrid framework conceptually yields a two-dimensional table for each topic (as identified through the previously mentioned surveys and prioritized by the group). The knowledge tables provide direction for instructors to use in designing a course. They are not meant to prescribe every aspect of a course but rather to provide a measure of guidance for instructors in the selection of core content. A knowledge table for a particular topic may encompass more than an individual instructor chooses to include in a course; FIGURE 3 Transportation delivery process (ITS ‫؍‬ intelligent transportation system, GIS ‫؍‬ geographic information system, GPS ‫؍‬ Global Positioning System). Anticipating future conditions or needs, the engineer gathers appropriate data, uses appropriate tools, and engages constituents to envision and assess possible courses of action.
When faced with a need to choose among alternatives, the engineer demonstrates initiative, focus, and accountability in recommending a course of action.
When facing a design challenge, the engineer develops robust and well-documented designs based on engineering principles and tests the design against stakeholder needs.
Acting from a deep understanding of interactions between the driver, the vehicle, and the roadway, the engineer is keenly aware of safety implications associated with design and policy decisions.
Driven by personal and professional values, the engineer proactively engages in the political process and demonstrates integrity and responsibility in engineering practice. conversely, an instructor may choose to go beyond the knowledge table for a particular topic. The items in the knowledge tables can be used to design the learning activities in a course. In particular, the level at which they are classified (through Bloom's taxonomy and Wiggins and McTighe's levels of understanding) suggests what types of learning activities might be most appropriate.
Seven knowledge tables have been developed:
• Concepts associated with traffic operations can be divided into those associated with uninterrupted flow and those associated with interrupted flow. They include definitions, such as capacity and delay, as well as models, such as Greenshields' model and gap acceptance models. These concepts are necessary for students to grasp before they can apply them in processes. Examples of processes include determination of the capacity of a segment and establishment of cycle lengths. Students are introduced to tools, such as queuing models and exhibits from the Highway Capacity Manual, which they can use to facilitate the processes. Finally, students learn how these concepts, processes, and tools apply in the larger context of planning or designing a facility. If an instructor chooses not to include all elements of the knowledge table, he or she will select the items from each category that relate to one another. If, for example, an instructor chose to address only uninterrupted flow, he or she would omit those concepts related to interrupted flow, as well as the processes related to signalized intersections, and the tools of queuing theory.
The group is continuing to refine and vet the knowledge tables with a diverse group of stakeholders, as described in the next section.
NEXT STEPS
For the efforts of the working group to be most useful to the transportation community, the results need to be fully vetted with the greater stakeholder community. Key future steps will be to hold another workshop, publish and present follow-up papers on the topic, pilot the knowledge tables and course learning outcomes in introductory transportation courses, and assess those pilot projects.
At the August 2010 Institute of Transportation Engineers (ITE) annual meeting in Vancouver, British Columbia, Canada, a 1-day workshop and a conversation circle session kicked off the outreach efforts. One of the primary objectives of this workshop was to begin the discussion with the larger professional community on the knowledge tables and learning outcomes. Participants in the workshop included working group members and outsiders recruited through ITE's Public Agency and Consultant's Council. Two days later, a conversation circle session at the ITE annual meeting was held to reach a broader audience. The conversation circle format consisted of short presentations followed by a moderated discussion with audience members. Working group members have presented earlier stages of the effort through the presentation of papers at the Transportation Research Board Annual Meeting in January 2010, the American Society of Engineering Educators in June 2010, and at several regional ITE district meetings (7, 8) . The members will make presentations on their future efforts and continue the outreach effort to broader audiences.
In 2010 through 2011, two pilot studies will be conducted. The working group's results will be used in introductory transportation classes at the University of Wyoming, Laramie, during the fall semester and at Lafayette College, Easton, Pennsylvania, during the spring semester. Both pilot studies involve the redesign of the introductory transportation engineering course from the ground up and around the knowledge tables and learning outcomes. An assessment and evaluation plan for the pilot studies is under development.
Another key step that will be part of the working group's efforts is to provide more guidance to instructors on core content versus optional content. The intent of the working group is not to dictate what exactly should be taught in a particular course. The group therefore created more course content than could fit into a typical semester-long course so that instructors would have flexibility in their content selection. Some of the content should be viewed as more critical to the transportation profession than other material, and the working group will prioritize some of it. The efforts of the pilot studies over the next year will be important for determining the amount of time it is likely to take to cover the information in the various knowledge tables.
